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STATIC AND IMPACT STRAINS IN CONCRETE 


A COMPARISON OF THE MODULI OF RUPTURE OF BEAMS UNDER STATIC AND IMPACT LOADS 


Reported by J. T. THOMPSON, Highway Research Specialist, Bureau of Public Roads ! 


N THE summer of 1923, the Bureau of Public Roads 
| brought to completion a series of impact tests on 
a large number of concrete slabs. These tests, 
which were conducted at the Arlington Experiment 
Farm, were subsequently reported in the issue of 
Pusiic Roaps for April, 1924.2. Among the striking 
features of this report were the exceptionally high unit 
fiber tensile deformations recorded. The average 
deformation for slabs of 1:1144:3 concrete was 
0.000270 inch per inch; and since the average modulus 
of elasticity of the concrete was 4,480,000 pounds per 
square inch the indicated unit fiber stress in tension at 
elastic failure was 1,210 pounds per square inch. This 
modulus of rupture was recognized as being at least 
twice as great as the static modulus for the same con- 
crete. 

Apparently the discrepancy thus indicated was 
capable of but two explanations; either the strain 
gages used for measuring the unit deformations under 
impact were inaccurate, or the concrete subjected to 
impact was actually strained to a greater degree 
without rupture than is possible under static loads. 

In order to throw some light, if possible, upon this 
question the Bureau of Public Roads and the Johns 
Hopkins University entered into a cooperative research 
project the aims of which were to study, in general, 
the action of plain concrete beams under impact forces 
and specifically to compare the static and impact 
moduli of rupture. 

The economic importance of answering this question 
will be apparent when one considers that recent re- 
searches have evaluated the impact force delivered by 
motor vehicles to pavement slabs and shown it to be 
certainly double, and under some conditions several 
times the static weight of the vehicle. The natural 
tendency, in view of this information, is to increase 
pavement thickness; but if it is true that there coexists 
with the increase in force due to dynamic action a 
compensating possibility of stressing the pavement 
fartier without rupturing it, the increase in thickness 
might be unnecessary. 


TESTS SHOW DURATION OF LOAD TO BE THE CRITICAL FACTOR 


The tests prove conclusively that the graphic strain 
gauges used are free from inertia effects within the 
range of the use to which they were put; and the indi- 
cations are that the deformations measured with similar 
instruments in the slab impact tests of the bureau are 
substantially correct as recorded by the instruments. 

Doubt of the accuracy of the instrument being thus 
set at rest the experiment shows further that plain 
concrete beams aidatel to static load have a con- 
siderably lower modulus of rupture than exactly 
similar beams subjected to successive impacts of 
increasing ininibede, caused by dropping a weight 
upon the beam from progressively increasing heights, 
when the weight is dropped but once from each height. 

Also associate professor of civil engineering at the Johns Hopkins University. 


**Impact Tests on Concrete Pavement Slabs,” Leslie W. Teller, PUBLIC ROaDs, 
1. 5, No. 2, April, 1924. 
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Under these conditions, which are similar to those 
prevailing in the slab impact tests of the bureau, in 
which the weight was dropped only five times from 
each height, the beams resisted without failure impact 
forces considerably in excess of the static loads which 
caused failure. In other words, they were capable of 
greater elastic deformation under impacts applied as 
described than under ordinary static load applications. 

When, on the other hand, the beams were subjected 
to repeated applications of impact of the same magni- 
tude, the greatest impact they would successfully 
withstand was that which produced a tensile stress 
equal to about 55 per cent of the static modulus of 
rupture, indicating that the behavior of the concrete 
under impact is very similar to its behavior under 
static loads, as evidenced by static fatigue tests. 

Below the fatigue limit it has been shown that 
equivalent loads, without regard to the manner of 
their application, whether static or impact, produce 
the same stress; and the indications are that the cause 
of the different behavior beyond that limit is to be 
found in the duration of the load application. This is 
evidenced by the fact that beams subjected to static 
loads for 10 seconds at a time showed the lowest 
modulus of rupture and impacts of an estimated dura- 
tion of 0.015 second the highest with an intermediate 
value corresponding to impacts of an estimated dura- 
tion of 0.030 second. 

As an incidental result of the tests it has been shown 
that the variation in stress from the top to the bottom 
of a plain concrete beam may not be represented by a 
straight line but that the error involved in that assump- 
tion is small for ordinary safe working loads. It is 
also indicated that the impact force corresponding to 
a given height of fall is much greater when the fall is 
cushioned by worn solid rubber tires than when the 
cushioning medium is a new tire, thus accentuating the 
need for smooth pavement surfaces. 


TESTS LOADS APPLIED IN THREE WAYS 


Thirty-six plain concrete beams all of the same mix, 
with necessary control cylinders, were used in the tests. 
About one-third of the number were loaded at the third- 
points of a simply supported span by a 50,000-pound 
Olsen testing machine; with measurements of the load, 
center deflection and unit deformations of the concrete. 
These are referred to as the ‘static tests,’ although 
it should be borne in mind that ‘“‘static” loads which 
are at their maximum intensity for a period of several 
seconds are in reality very slow “impact” loads. 

Another group of the beams, one-third of the total 
number, was tested in impact by simply supporting 
the beams on suitable rests and allowing a heavy ham- 
mer, cushioned with full-thickness, unused, solid rub- 
ber tire segments * to fall from various heights, apply- 
ing the the load to the beams at the third-points. The 
force of the blow, the deflection of the beam and the 
unit deformations of the concrete were measured. 


’ The tire segments used in the tests were generously supplied by Morgan & 
Wright (U. 8. Tires), Detroit, Mich. 
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The remaining third were tested in impact in exactly were allowed to dry out at room temperature for one 
the same manner as above except that the tire segments week prior to test. The cylinders were shipped to the 
had part of the rubber removed to simulate a badly Bureau of Public Roads, where they were cured in a 
worn condition. similar manner and tested for crushing strength and 

The reason for employing two conditions of impact— modulus of elasticity on the test dates of the beams. 
namely, the thick and the thin cushions was to intro- 
duce the time element—i. e., the duration of the force 


THE IMPACT TESTING MACHINE 


the feeling being that the modulus of rupture, if differ- |The essential features sought in the design of the 
ent for static and impact conditions, would be found impact machine were: (1) A device that would drop a 
to be a function of the rapidity of application. cushioned weight upon a simply supported beam from 
a predetermined height; (2) a method of — for 
$65 the beam that would not restrain it and at the same 
DF w time would prevent it from moving about when struck; 
& 5 and (3) a means of supporting deflection gauges that 
gis would preclude their movement relative to the beam. 
Hoe The machine (fig. 2), which was built in the Johns 
229 Hokpins University shop, consists of a pile-driver-like 
3°38 arrangement equipped with a 265-pound hammer 


which can be dropped upon the beam from a variable 
height depending upon the setting of a trigger. The 
hammer is cushioned by two segments of a 314-inch 
solid rubber tire mounted in such a way as to permit 
them to adjust themselves should there be a tendency 
for one to apply more load to the beam than the other. 
These apply the load to the beam at points about 14 
inches apart, that is, at about the third points, the idea 





MODULUS OF ELASTICITY- 
MILLION POUNDS PER 
SQUARE INCH 
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ooueseenes RERVSVLSSLRasVaene being to bring about a constant bending moment, and 

SERIAL DESIGNATION OF CONTROL CYLINDERS hence constant fiber stress, across the strain gauges 

(CORRESPONDING TO SERIAL DESIGNATION OF BEAMS) located in the recesses shown at the center of the beam. 

Fie. 1.—Data From Tests or Conrrot Cyiinpers. Two ‘The test beam is supported at each end upon a cast- 


Te OF 


‘ 7 > > 7S ~ > . > x » p > . . . . 
' CYLINDERS WERE TrsTeD For Each Beam AND THE PLOTTED iron block, the lower side of which carries a half round 
a Points REPRESENT THE AVERAGE VALUES FOR THE Two 


Guamees running at right angles to the length of the beam. 
This half round fits into a V notch in a second cast- 
iron block, which is securely fastened to a heavy steel 


Mhia és ee oe ss * 
The preliminary steps involved the preparation of H beam. This ‘‘rocker” support permits the beam to 
test beams and i SR evlinders, the design and con- “eflect.freely, while at the same time the angles shown 
struction of an impact testing machine. and the selec- ©D each side of the test beam in the center-line cross 
pt cncsiig : - y 2 5 ee i : . : : 9 wee 7 * ot may tes 

tion and calibration of instruments of measurement. S¢ction (fig. 2) prevent it from moving laterally when 


TEST BEAMS AND CONTROL CYLINDERS 


oh It was thought at the beginning that two beams a week struck. No tendency for the beam to move longi- 
were all that could possibly be tested and therefore only tudinally was observed. It was at first thought nec- 


q two a week were cast, since it was desirable that they sary to hold the test beam down against rebound by 
all be of the same age when tested. This meant a ™¢a”s of shackles such as appear in the photo i on 
lapse of 18 weeks hetwnen the casting of the first and the cover, but these were found to restrain the beam 
thirty-sixth beam in which interim there would be and were therefore abandoned immediately in favor of 
abundant opportunity for differences in proportioning the simpler and very satisfactory scheme of using the 
as well as in technique of mixing and placing unless ®2gles mentioned above. 
great care were exercised. ‘he support for the deflection gauges is arranged for 
Accordingly, enough material was procured for the by inserting the 8-inch H beam between the block sup- 
whole job. The sand and gravel were dried bone-dry P0Tts and the foundation. Since the H beam is sup- 
and stored, and all the cement was thoroughly mixed Ported upon knife rests directly under the reactions 
to eliminate possible differences between bags. The ®PPlied to it by the supports of the test beam it does 
uniformity of the concrete was governed by controlling 2°t deflect. Only after careful verification of this fact 
the water-cement ratio. In addition to this everything by, actual measurement was it used as a rest for the 
that went into the mixer was weighed and the fineness ‘eflection gauges, however. 
a of 4 ageregate was carefully checked for 
uniformity. e technique of mixing, placing, and : ; 
curing was, as nearly as mean Rg sdentical Le ines case, In both the static and impact tests the deformation 
and Figure 1 shows that a high degree of uniformity °f the concrete beams was measured by means of 12 
in the product was actually obtained. “ graphic strain gauges arranged in slots cast in the con- 
The thirty-six 6 by 8 by 44 inch plain concrete beams crete, 6 on each side, evenly spaced from top to bottom 
of a mix closely approximating 1 : 114 :34 were cast; of the beam. These gauges, developed in the Bureau 
and for each beam two 6 by 12 inch control cylinders Public Roads, are described in detail elsewhere.’ 
were made, making a total of 72 cylinders in all. The Jbey consist of a metal bar about 6 inches long and 
beams were cured under sand in a damp room, and three-eights by one-quarter inch in cross section. At 
: one end is an adjustable fixed point, at the other end a 


: 4 Acknowledgement is made of the valuable assistance rendered by Malcolm R. — 


Gilpin, senior civil engineering student at the Johns Hopkins University, who vol- 5“ Pocket Strain Gauge Gives Stresses in Concrete Roads,” A. T. Goldbeck, Engi- 
unteered his services in the preparation of these beams and cylinders, neering News-Record, Mar. 29, 1923. 
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movable point which presses eccentrically against a 
small shat. The shaft, thus made to rotate, carries 
a 4-inch light metal arm at the end of which is a small 
stylus which records its movement upon a small 
smoked-glass slide. 
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In order to settle this question the following method 
was adopted. A steel H beam was placed in the impact- 
testing machine and strain gauges were mounted on 
both tension and compression flanges between steel 
blocks securely fixed to the beam. ‘The H section was 
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ELEVATION © OF CROSS-SECTION 


Fig. 2.—DrrTAILs oF THE Impact TESTING MACHINE USED FOR DETERMINING IMPACT STRESSES IN CONCRETE 


As previously intimated, it had been suspected since 
1c development of these gauges that they were subject 
> Inertia effects when used in impact—.e., that they 
either lagged behind the true movement in tension or 
ontinued to record in compression after the impulse 
bad ceased. 


so chosen that the product of its modulus of elasticity 
and its moment of inertia was the same as for the con- 
crete test beams. This was done in order that the 
records of the strain gauges might be verified under 
conditions exactly similar to those to be imposed upon 
them in test. 
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The H beam was loaded statically by a screw jack 
and the strain-gauge records plotted against center 
deflections. The same deflections were then produced 
by impact and a similar curve was plotted. The curves 
of Figure 3, typical of several secured, show the re- 
sults. It will be noted that the impact and static 
curves check very closely within the limits of deforma- 
tion imposed upon them, which limits, incidentally, are 
about the same as those met with under test conditions. 
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Fic. 3.—CoMmPARISON OF IMPACT AND Static GRAPHIC STRAIN 
GaGE READINGS SHOWING ABSENCE OF INERTIA ErrectT 


This method of checking the instrument depends, of 
course, upon the premise that identical fiber deforma- 
tions exist for a given deflection whether produced by 
static or impact force. This would seem to be true 
when it is considered that fiber deformation depends 
upon the radius of curvature of the bent beam. This 
is a well-known principle of mechanics. Also, assum- 
ing the beam bent to the arc of a circle, the measured 
deflection is merely the middle ordinate of a fixed 
chord. For every deflection (middle ordinate) there 
must be one and only one radius. From this it follows 
that fiber deformation varies directly with deflection. 


The deflections of the beams in both static and impact 
tests were recorded by Ames dials reading direct to ten- 
thousandths of an inch. 


In the impact tests the force of the blow was deter- 
mined by the product of the mass of the hammer and its 
maximum deceleration as measured by a coil spring ac- 
celerometer the details of which are shown in Figure 4. 
The general type of this instrument is fairly com- 
mon. It consists of a weighted plunger mounted 
vertically in two bearings, so that it is free to move 
downward against the action of a coil spring. The 
instrument was rigidly attached to the hammer of the 
impact machine and when the latter was decelerated 
upon striking the beam, the plunger of the accelero- 
meter, accelerated downward with respect to the spring 
forced the latter to compress. The amount of: this 
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compression, which is a measure of the deceleration of 
the hammer, was recorded upon a smoked-glass plate 
by a stylus attached to the he anti 

Although crude in appearance and perhaps in scien- 
tific principle this instrument functioned perfectly for 
about a quarter of a million blows without once even 
so much as getting out of adjustment, thereby amply 
justifying its use in preference to more delicate types 
which offered mola sca 

The calibration of the accelerometer was effected 
through the use of space-time curves. This method, 
which has been described elsewhere in detail,® consisted 
of the analysis of a curve, drawn by a stylus attached 
to the falling hammer, upon a sheet of paper wrapped 
on a drum rapidly rotating on a vertical shaft (see cover 
illustration). Concurrently a time curve was drawn 
on the go by another stylus whose vibrations were 
governed by an electrically operated tuning fork of 
known period. Decelerations determined by analysis 
of the space-time curve were plotted against acceler- 
ometer records and a calibration curve thus obtained. 


DESCRIPTION OF THE TESTS 


Static tests.—These tests involved nothing out of 
the ordinary. A beam was supported, as shown in 
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Fic. 4.—Deraits or Cort Spring ACCELEROMETER USED IN 
THE TESTS 


Figure 5, on the same supports as were subsequently 
used in the impact tests, the load being applied congh 
a spherical head resting on the same tire segments as 
later were used in impact. The deflection gauge was 
carried by a yoke suspended from an ordinary “ neutral- 
axis”’ bar. 

The loads were applied at slow speed in increments of 
about 300 pounds, the load being released after each 
application at which time the strain gauge slides wer« 





6 “Accurate Accelerometers Developed by the Bureau of Public Roads,” Lesli: 
W. Teller, PusBLic Roaps, vol. 5, No. 10, December, 1924. 
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moved up. The quantities recorded were loads, de- 
flections, and unit deformations of the concrete. 
Impact tests.—Most of the beams tested under im- 
pact were hit butjonce from each height of drop, the 
height increasing progressively until the beam failed. 
The trigger was set so as to bring about the desired 





Fic. 5.—Concrete Bream IN Test Macuine READY FOR 
Sratic Test SHOWING ARRANGEMENT OF DEFLECTION GAGE 
AND GRAPHIC STRAIN GAGES 

height of drop, the hammer raised by the winch until 
it was suspended from the trigger hooks, and then, 
after all gauges had been adjusted, the hammer was 
suddenly dropped by pulling the releasing lever. The 
deflections were recorded by ‘choked,’ ten-thou- 
sandths-type Ames dials, one dial being always used 
under the center of the beam, and frequently two 
others being used as near the supports as possible 
merely to detect any relative movement between the 
test beam and the H-beam. The strain-gauge slides 
as well as the smoked-glass plate on which the acceler- 
ometer recorded were removed at the end of the test 
and read. 

The effect of what might be termed “impact fatigue ” 
was tried upon a few of the beams. In these tests the 
technique was similar to that just escribed except 
that a great many blows were struck from each height 
of drop. Readings were taken only when thought 
necessary, sometimes after a few blows, sometimes at 
the end of a series of several thousand. 

The principal thing sought in each case was the 
modulus of rupture. In order to establish it, the unit 
deformations, measured at intervals above and below 
the center of the beam, were plotted to show the varia- 
tion of strain. The fiber strains were then taken from 
these curves and plotted against load. 

Before trying to ascertain from the strain-load 
curves where failure took place, some definition of 
failure was necessary. There seems to be considerable 
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difference of opinion as to what constitutes failure in 
a concrete beam. Some experimenters do not assume 
a beam has failed until it breaks in half and falls from 
its support, others not until a visible crack has ap- 
peared, but the Bureau of Public Roads in practically 
all of its work has called that point failure at which 
the curve of strain plotted against load begins to 
change direction rapidly. 

In the present instance, owing to the fact that the 
strain-load curves did not “break” sharply, it was 
very difficult to determine the strain at which this 
change of direction took place. Therefore it was 
decided to adopt that point at which the tangent to 
the curve would be a line with a natural slope of 
three-fourths (0.00015 inch per inch+ 2,000 pounds). 
This more or less arbitrary slope was chosen because 
it seemed to correspond in the majority of cases to 
loads creating a rise in the neutral axis of the beam 
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LOAD-POUNDS 
Fie. 6.—Sratic Test or Beam A-4 

and a sharper upward trend in the deflection-load 
curves. Figures 6 and 7, which are typical, show 
how the modulus of rupture was shteinad: and data 
resulting from the static and “single-drop” impact 
tests are presented in Table 1. 
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HIGH IMPACT MODULI REDUCED BY REPETITION OF BLOWS 


Where the mass was dropped but once from each 
height it appears that the average modulus of rupture 
under impact using the new cushion was 35 per cent 
higher than under static load, and 63 per cent higher 
when the worn cushion was used. (Rigs. 8 and 9.) 
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Fic. 7.—Impact Test or Bram A-11 with New CusHion 
This conclusion is of little practical value, however, 
because of the influence upon modulus of rupture of 
such factors as duration of load and fatigue under 
repetition. In other words, later tests show that if 
the load application is repeated a number of times at 
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each successive height it is possible to produce failure 
at much lower deformations than where the single- 
drop method is employed. 

The explanation of this lies in the fact that it takes 
time for any material to fail. When the strain is 
increased by increments a critical stage is reached 
below which any number of repetitions is successfully 
resisted and above which one application of sufficiently 
long duration or a large number of short duration will 
cause failure, each application contributing toward 
complete and final destruction. 
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Fig. 8.—VARIATION oF UNIT Fiper DEFORMATION FOR THE 
THREE CONDITIONS OF TEST 


TABLE 1.—Data resulting from static and “‘single-drop’’ impact 
tests 


(Age of 1:114:3 concrete 220 days) 


Fiber de- 
ae formation 
: timate Modulus | correspond- 
P Beam breaking of elasticity ing to mod- 
rype of test strength ~ P : 
0 of control of control | ulus of rup- 
cylinders | ° linders ture in 
’ . single-drop 
tests 


Pounds per | Pounds per | Inches per 


square inch | square inch inch 
Static l 4,410 4, 500, 000 0. 000100 
2 4,430 4, 600, 000 . 000105 
3 4,172 5,050,000 . 000090 
4 4,360 4,600,000 . 000095 
5 4,330 | 4,850,000 . 000095 
32 4,045 4 450,000 . 000082 
33 3,465 | 4,400,000 . 000082 
Average | f . 000093 
Impact—new cushion 7 | 4, 231 1, 600, 000 . 000130 
s 4,175 | <, 550,000 . 000125 
9 4,017 4, 800, 000 . 000162 
10 | 4,226 | 5 650,000 . 000150 
1] 3,793 | 4,400,000 .000140 
26 3,864 | 4,900,000 . 000100 
27 3, 929 4, 600, 000 000145 
23 | 3, 564 4, 200, 000 .000115 
29 3, 677 4, 300, 000 | .000130 
30 3, 944 4, 350, 000 000140 
31 3, 650 4, 650, 000 . 000140 
Average — Tew (SP Tee . 000134 
Impact—worn cushion . 13 | 4,062 | 4,600,000 . 000180 
14 | 3,839 | 4,850,000 . 000185 
16 | 3, 304 4, 350, 000 . 000140 
17 | 4,003 | 4, 600,000 "000170 
19 3,942 4,500,000 000130 
20 4,110 | 4,800,000 . 000170 
21 4,045 | 3,850,000 . 000190 
22 3,725 | 4,300,000 . 000140 
23 4, 062 4, 750, 000 . 000150 
Ee P wy. ae SS OT ae . 000162 
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Accordingly, we should expect to find the static load- 
deformation curves swinging upward at a comparatively 
low modulus value when we consider that the time of 
application was about 10 seconds. The concrete was 
given a relatively long time in which to accomplish 
partial failure under each load beyond the critical 
stage referred to. No doubt had some load consid- 
ais below the modulus load been permitted to remain 
on the beam for a very much longer time than 10 
seconds, the beam would have failed and we would have 
had a much lower value of the modulus of rupture. Or 
again had the static loads above the critical stage been 
repeated a great number of times the beam would have 
failed with accompanying low modulus. 


UNIT DEFORMATION - INCHES PER INCH 
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Fia. 9.—DIAGRAM SHOWING STRAIN DIsTRIBUTION FOR THE 
TuHreE ConpitTions or Test at Moputvus Loaps 


By the same argument the impact deformation- 
load curves should begin to change direction at a 
relatively high modulus value because the time of 
application in this case was only a few hundredths of a 
second and the concrete was given but little opportunity 
to fail under any blow. However beyond the critical 
stage had any application been repeated a great many 
times we ought to find the beam failing under these 
repetitions, and this is exactly what takes place in the 
impact-fatigue tests. 

‘he composite strain-load curves (fig. 10) demon- 
strate this partial failure very well, although it should 
be noted that since they were obtained by averaging a 
great many results they are not particularly accurate, 
especially at the high values. The curves for the 
three conditions run along at about the same general 
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slope (a given load causing the same strain regardless 
of Lo it is applied) until a value of strain (0.00005 
inch per inch) is reached, beyond which the impact 
fatigue tests tell us we may expect things to happen. 
After this there is a rapid departure of the static curve 
from the other two due to the appreciably longer dura- 
tion of the static loads. The “new cushion” curve, 
owing to its faster action (duration about 0.03 seconds) 
continues at the original slope for a while and then 
begins to swing upward while the ‘worn cushion” 
curve holds to the original slope longest because it is 
the fastest acting (about 0.015 seconds). 
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LOAD - THOUSAND POUNDS 


Kia. 10.—Compositr Loap-DEFORMATION CURVES DEVELOPED 
FROM ALL TESTS 


It is felt that the foregoing dicussion explains why 
such high moduli of rupture were encountered in the 
impact tests of slabs referred to at the beginning of 
this report. 
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NUMBER OF BLOWS - THOUSANDS 
Fig. 11.—Impact Fatiaur Test or Beam A-36. THe AGE 
AT THE BEGINNING OF THE TEST WAS 277 Days; AT THE 
Enp, 307 Days 


IMPACT FATIGUE TESTS 


Toward the last of the series four beams were tested 
in impact fatigue, the rate of loading being approxi- 
mately 60 blows per minute. Tests were carried on 
about three hours each day thereby allowing a 21-hour 
rest period between loadings. This method was em- 
ployed in an attempt to show the effect of repetition of 
stress. 

The results are shown by the curve (fig. 11) which is 
typical of all four impact fatigue tests in its essential 
features. It shows very clearly that for drops of 
one-quarter inch, producing a strain of 0.00005 inch 
per inch (corresponding unit fiber stress about 250 
pounds per square inch) the beam can be subjected to 
a very large number of impacts without deleterious 


effects. As soon as this height is increased to three- 
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eights inch, producing a strain of 0.00008 inch per 
inch slowly progressing disintegration sets in resulting 
in final failure. 

Since the number of impacts successfully withstood 
at a strain of 0.00005 ina per inch, in this instance 
83,000, is considered to be conservatively representative 
of any condition under which road slabs are used, the 
conclusion is reached that this is the upper limit of 
safe values to which concrete of this mix and age 
should be subjected. 

It is interesting to note, in this connection, that the 
American Society for Municipal Improvements in a 
recently issued report of its committee on ‘‘ Proposed 
Specifications for Portland Cement Concrete Bive- 
ments” recommends an allowable working stress 
of 250 pounds per square inch for 1:2:4 concrete. 
It also recommends that ‘‘in hot weather, the pavement 
shall be closed to traffic for at least fourteen (14) days, 
* * *”’ As has been pointed out, these tests show 
that where the pavement is to be subjected to impact 
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HEIGHT OF DROP- INCHES 


Fic. 12.—Curves SHow1nG Errect or TirE WEAR ON IMPACT 
ForcE 


fatigue, 250 pounds per square inch is the ultimate 
safe value for 1:114%:3 concrete, laboratory mixed 
and carefully cured for 300 days. Considering that 
concrete trebles its flexural tensile strength between 14 
and 300 days,’ it is interesting to speculate upon what 
might happen to concrete pavements built according 
to this specification. 

It should be especially noted that the fatigue limit 
referred to above (strain 0.00005 inch per inch) is 54 
per cent of the modulus of rupture obtained statically 
(strain 0.000093 inch per inch). It may therefore be 
concluded that under impact loading the same fatigue- 
limit ratio is obtained as he been shown to exist under 
static load conditions by the latest fatigue tests.® 

An inspection of the strain-distribution diagrams 
(figs. 6 and 7) reveals very clearly the distortion of 
planes under bending. However, for low values of 





7 ee of Concrete,”” H. F. Clemmer, Proc. A. 8. T. M., vol. 22, Part II, 1922, 
41 


5 “Fatigue of Concrete,’’ W. K. Hatt, Proc. Fourth Annual Meeting, Highway 
Research Board, National Research Council, December 1924, Professor Hatt deter- 
mined the limit to which concrete might be stressed an indefinite number of times as 
55 per cent of the stress at which it failed under progressive static loading. 
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strain no very considerable error is made in the common 
assumption that they are not distorted. 

The well-known increase in impact force produced 
by worn as against new tires is clearly demonstrated 
in the curves. (Fig. 12.) This shows the great dis- 
advantage of using worn tires or, since the use of worn 
tires can hardly be controlled, the necessity of smoother 
pavements. The ratio of force produced by the worn 
tire to that caused by the new tire is about 2.5 through- 
out the range of comparison. 


TRANSPORTATION SURVEYS BEGUN IN NEW 
HAMPSHIRE AND VERMONT 


Highway transportation surveys covering the en- 
tire States of New Hampshire and Vermont were begun 
on July 16 under cooperative agreements between the 
Bureau of Public Roads and the two State highway 
departments. 

As planned, the surveys are to run for three months, 
with 13 recording parties taking data twice during the 
period at each of 143 stations in New Hampshire and 
12 parties recording the traffic at 130 stations in 
Vermont. 

In general the same methods will be used as in the 
Connecticut and Cook County surveys, reports of 
which have been published, and the Pennsylvania and 
Ohio surveys which are now being analyzed. For 
passenger vehicles the data will show the number of 
vehicles passing the station during each hour, the 
State in which they are licensed, the number of pas- 
sengers they carry, whether the purpose of travel is 
business or pleasure, whether passengers are from 
city or farm, whether the travel is an extended tour 
or a short trip, the origin, destination, length of trip, 
and the number of miles of travel within the State. 

For trucks the data will show also the number pass- 
ing each hour, the State of registration, capacity, 
origin, and destination, with information as to the 
character of operation of the consignor and con- 
signee, the total distance of travel and mileage within 
the State, the commodity transported, the type of 
trucking (for hire, contract hauling, ete.), and the situs 
of ownership. In addition to this information there will 
be recorded at special weight stations the make of 
truck, type of tires, and weights on front and rear axles. 

Analysis of this information will make it possible to 
prepare maps showing the present volume and dis- 
tribution of passenger vehicle and truck traffic on the 
highways of each of the States, from which the State 
highways will be classified as industrial, high, medium, 
or low type routes, taking into account motor-truck 
capacities and loads. A forecast of traffic for several 
years ahead will be made and a definite program of 
highway construction worked out. Special attention 
is to be given to an analysis of the relative traffic im- 
portance of the township roads with respect to the 
primary and secondary systems. 

Economic data to be collected will include informa- 
tion concerning the tonnage shipped by motor truck, 
marketing methods, zones of truck operation, and 
general trucking practice. 

















EFFECT OF SIZE OF BRICK ON RATTLER LOSS: 


Reported by F. H. JACKSON, Engineer of Tests, United States Bureau of Public Roads 


T HAS long been recognized that for brick of 
| equal quality but differing in size the comparative 
rattler losses are not directly sueondieinal to the 
differences in weight. Therefore, any system of 
rating based on the percentage of loss by weight, 
irrespective of the difference in size, is incorrect unless 
a correction is introduced covering this feature or 
unless independent’ standards are set up for each size 
separately. 

In the very elaborate series of tests presented by 
Blair and Orton before the American Society for 
Testing materials in 1911,? upon which our present 
standard method of test is largely based, no mention 
is made of the effect of size on rattler loss. This was 
probably due to the fact that at that time the bulk of 
the paving brick manufactured were of the so-called 
‘standard block”’ size—that is, about 3 to 3% inches 
in width, 4 inches in depth, and 8 to 9 inches in length. 
Professor Talbot, however, in his paper on ‘‘Qualities 
of High Grade Paving Brick,” published in Bulletin 9 
of the Illinois State Geological Survey,* states that, 
although he has not studied the effect of the size of 
brick on the rattler loss, ‘‘it is established that the 
brick size will sustain a greater loss than the block 
size of the same grade and quality. * * * The 
amount of this difference depends upon various condi- 
tions, but with good material the brick sizes may be 
expected to lose, say, 3 per cent more than the block 
sizes. 

It has only been within comparatively recent years 
that the thinner brick, such as those made to lay to a 
depth of 3 inches and 2% inches, have come into general 
use. Efforts have also been made from time to time 
to introduce certain odd sizes, such as the 3 by 3% by 
8 14 inch, and others in which the length varied slightly. 
The number of sizes of brick in use, however, has been 
greatly curtailed within the last three years through 
the efforts of the permanent committee on Simplifica- 
tion of Variety and Standards of Paving Brick of the 
Department of Commerce. At the present time this 
committee recognizes two sizes of wh as follows: 3% 
by 4 by 8% inches and 3 by 4 by 8% inches. In 
addition to these two sizes, the 24% by 4 by 8% inch 
size is coming into rather general use, so that it will in 
all probability in the near future be included in the 
series of recognized sizes. 

Recognizing the injustice of specifying the same 
vercentage of wear for both 3-inch and 3%-inch 
Prick, many paving engineers, when they began using 
the thinner brick for construction, adopted the practice 
of inserting certain arbitrary correction factors in 
their specifications so as to bring these sizes into line 
with the requirements for the so-called ‘‘standard 
block” size. So far as the writer is aware, however, 
none of these correction factors was based upon exten- 
sive test data. As a rule, they were the result of 
theoretical consideration. 





1 A paper presented by the writer at the annual meeting of the American Society 
for Testing Materials, June 22 to 25, 1926, Atlantic City, N. J. 

*“*A Study of the Rattler Test for Paving Brick,”” M. W. Blair and Edward 
Orton, jr., Proc. A. 8. T. M., Vol. XI, 1911, p. 776. 

5 Illinois State Geological Survey Bul. 9, “* Paving Brick and Paving Brick Clays 
of Llinois,”’ 


In view of the fact that committee C-3 of the Ameri- 
can Society for Testing Materials has undertaken to 
rearrange the standard specifications and methods of 
test for paving brick, C 7-15, in order to bring it into 
conformity with the society’s present standards as to 
form, it seemed an excellent opportunity to investigate 
this relationship experimentally with a view to furnish- 
ing a table of correction factors which might be inserted 
in the standard. 


TESTS MADE ON FIVE SIZES OF BRICK 


Fortunately, a rather unusual opportunity existed 
for obtaining such data. The Bureau of Public Roads 
has had under way for the last several months an in- 
vestigation to determine the relation between the depth 
of the paving brick wearing course and the resistance of 
the pavement to the action of traffic. This investi- 
gation is being conducted by the bureau in cooperation 
with the National Paving Brick Manufacturers Asso- 
ciation, which furnished a large quantity of brick for 
this purpose. These brick were all from the same plant 
and were manufactured as a special lot so as to be as 
nearly uniform in quality as possible. They were of 
the plain wire-cut type, and the average rattler loss on 
the 3% by 4 by 8% inch was about 17 per cent. Five 
sizes of brick were furnished, all of the same width and 
length but varying in depth from 2 to 4 inches by %-inch 
steps. 

It was decided, therefore, in addition to the major 
investigation, the results of which will be reported later, 
to make an incidental study of the effect of size on 
rattler loss, using the five sizes of brick on hand. For 
this purpose 10 standard rattler tests were made on 
each size of brick, making 50 tests in all. Every pre- 
caution was taken to keep the standard rattler cali- 
brated, and every detail as called for in standard pro- 
cedure was followed. The results for the first series of 
rattler tests are given in Table 1. Upon studying the 
results it became immediately apparent that there was 
no constant relation between the average percentage of 
loss and the size of the brick. This at once suggested 
the possibility that the various sizes of brick might not 
all be of the same quality. In order to throw light 
upon this important point, a number of brick of each 
size were subjected to a special hardness test, usin 
the Dorry hardness machine for testing rock. One-nich 
cores were drilled with a diamond drill from the center 
of each brick, and subjected to the abrasive action of 
quartz sand fed upon a revolving steel disk upon which 
the brick core was held under a standard pressure. The 
loss in weight of the specimen at 2,500 revolutions of 
the disk was considered to be a true measure of its 
hardness. 


Realizing that hardness is not the only quality of a 
paving brick which affects the rattler loss, tests for 
crushing strength and transverse strength were also 
made. The results of these tests, together with the re- 
sults of the hardness tests, are plotted in Figure 1. 
Crushing strengths were determined on half brick, tested 
on edge, five tests of each size being made. The brick 
Tests 


were bedded in plaster of Paris before testing. 
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for transverse strength were made in two ways, (1) 
by using a special form of equalizer apparatus developed 
at the Bureau of Standards, and (2), by the use of the 
A. S. T. M. standard _— somewhat modified 
by the Bureau of Public Roads. Details of the results 
ob the transverse tests, discussed from the standpoint 
of comparative methods of testing, will be published 
elsewhere. For the purpose of this discussion, the 
results of the tests by both methods were averaged. 
Each average is the result of 40 tests. 


12,000 
COMPRESSION 
TEST x 8,000 
CRUSHING STRENGTH 3 
g 4,000 
- ° 
a 
S 3,000 
TRANSVERSE 2 : 
TEST & 2,000 
MODULUS OF 
RUPTURE 
1,000 
° 
HARDNESS , *° 
TEST 2 
LOSS IN WEIGHT = & “ 
AFTER 2500 
REV. 10 


2 24 3 


34 
DEPTH OF BRICK — INCHES 
Fic. 1—Rersutts or HarpNess Test, TRANSVERSE TEST, 


AND CoMPRESSION Test ON Bricks VARYING IN DeptTH 
FROM 2 To 4 INCHES 


TaBLe 1.—Reaitler test results on brick used to determine effect of 
size 





Percentage of loss in weight 
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Sample No. | Thickness of brick (inches) 
| 2 2% 3 3% 4 
Per cent | Percent Percent | Per cent | Per cent 
RR a 2 ee | 22.6 17.9 18. 6 17.4 17.3 
REE SS pa 22.0 21.4 18.3 16.8 16.5 
NESE oe eae 23.1 18.3 19.7 16.8 16.4 
ES: eS 21.9 18.3 19.7 16.5 16.3 
SoS a 22.8 19.1 18.7 16.2 17.0 
AER ON eR ee ee 22.8 19.3 19.7 17.0 17.1 
| Sie’ See OE ae 22.7 19.0 18.6 17,2 16.3 
EE ae? a Tae eee 22.9 17.6 19.3 17.0 17,2 
Se aS ae | 24.7 19.2 19.1 18.0 17.4 
eee aaa 2.3 17.9 18. 2 17.4 16.6 
ee 22.9 18.8 19.0 17.0 | 16.8 
Maximum. | 47 21.4 19.7) 18.0 ‘W724 
Minimum | 21.9 17.6 18.2 16.2 16.3 


| 


A very brief study of these tests is in order with a 
view to determining what differences in quality exist 
between the various sizes. It will be seen at once that 
the tests are not altogether consistent. For instance, 
the 4-inch size has a considerably higher crushing 
strength than any of the other sizes. This difference, 
however, is not reflected in any of the other tests, 
which is, of course, not surprising when we consider 
that each of these tests measures a specific property of 
the brick. When taken as a whole, however, the 
results give a general idea of the relative quality of 











the five sizes under consideration which, in this case, 
is what we are after. Assuming for the moment that 
the resistance of brick in the rattler is influenced by 
both hardness and toughness and that these qualities 
are measured individually probably better by the 
hardness test and the transverse test than by any of the 
others, it is found that from the standpoint of hardness 
the 2-inch brick are considerably softer than any of 
the other sizes; the 3-inch are next; and the 2%-inch 
are the hardest. In transverse strength the 24-inch 
size ranks highest; the 34-inch next; with the 2-inch, 
3-inch and 4-inch practically identical. Taking both 
tests into consideration, the brick may be tentatively 
rated relatively as to quality about as follows: 24-inch, 
34-inch, 4-inch, 3-inch, 2-inch. It should be borne 
in mind, of course, that these differences are not large 
numerically, and are of significance only because of 
the special use to which the rattler tests will now 
be put. 


EFFECT OF SIZE ON RATTLER LOSS 


In Figure 2 are plotted the average losses in pounds 
for each size of brick against the initial weight of the 
brick charge. There are also plotted two series of 
points, one above and the other below the actual losses, 
which show what the losses would have been if they 
had been (1) directly proportional to the number of 
linear inches of edge exposed to wear, and (2) directly 


LOSS IN WEIGHT- POUNDS 





40 60 80 100 120 


INITIAL WEIGHT OF 10 BRICK 


X———=-K COMPUTED LOSS - PROPORTIONAL TO LENGTH OF EDGE 
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Fig. 2.—D1aGram SHowi1ne Actuat Loss AND THE AVERAGE 
Actuat Loss or Various Sizes or BricK tN THE RATTLER 
Test. THERE 1s ALSo SHOWN Wuat THE Losses WovuLD 
Have Been Hap tHe Loss BEEN PROPORTIONAL TO THE 


LineAR INcHES oF EpGe Exposep To WEAR AND TO THE 
WEIGHT oF Bricks 





proportional to weight (or volume). It will be seen 
that the actual curve is somewhat below a line bisectin 
the angle formed by the two theoretical curves, whic 
indicates that the correction to be applied to the small 
sizes is somewhat smaller than has been commonly 
used on the assumption that the loss takes place 
principally on the edges and corners of the brick. 
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Returning now to a discussion of the actual losses, 
it is found that the plotted points do not lie on a straight 
line as they would were the brick all of the same quality 
and the differences in loss due entirely to the effect of 
size. Plotting the average line, it is found that the 
losses for the 214-inch and 31-inch sizes lie below the 
line, whereas those for the 2-inch and 3-inch sizes lie 
above the line. This grouping is exactly what would 
be expected as a result of our study of the relative 
quality of the five sizes based on the hardness and 
transverse tests, and indicates that these tests are a 
reliable measure of those properties of the paving brick 
which are affected by the rattler test. 
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INITIAL WEIGHT OF TEN BRICK 


Fig. 3.—D1IaAGRAM SHOWING PERCENTAGES TO BE ADDED TO 
OR SUBTRACTED FROM OBSERVED RatTLeR Test Loss To 
Give Resutts in TERMS OF “STANDARD” 10-PouND Brick 


One would seem justified, therefore, in drawing 
the average line as indicated on the chart, and 
recomputing the various percentages of loss from the 
corrected losses obtained therefrom. This gives a 
series of values the same as would have been obtained 
experimentally had all the brick been of the same 
quality. Using these values, a correction curve has 
been plotted as shown in Figure 3. By means of 
the chart it is possible to determine what percentage 
shall be added to or subtracted from the observed 
rattler loss to give the equivalent value in terms of a 
“standard” 10-pound brick. The corrections, it will 
be observed, are based entirely on weight and not on 
nominal size. Although it might be more convenient 
to use the latter method, it would seem unwise to do 
so because of the wide variations in actual size of brick 
of the same nominal size. For instance, among eight 
brands tested by the bureau in connection with this 
work, it was found that for the 21-inch size the actual 
weights of 10 brick varied from 64 to 75 pounds, 
whereas for the 3-inch size the corresponding variation 
was from 82 to 89 pounds. These differences, of 
course, are accounted for in part by differences in 
spews gravity of the material. In general, however, 
the differences in size appear to be more pronounced, as 
will be observed by noting Figure 4, in which are 
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plotted the average weights and corresponding volumes 
for each of the brands and sizes of brick tested. 

It will be observed that the points lie fairly well on 
a straight line, those above the line indicating the 
lighter brick, whereas those below the line indicate the 
heavier brick. Of course, a correction based on the 
volume of brick would be the most rational method 
because it would eliminate variations in the voiume- 
weight relations owing to differences in specific gravity. 
However, the weight determination is much simpler 
and more readily made, and it would not appear that 
the small changes in specific gravity which normally 
occur in well-burned paving brick would seriously 
affect the accuracy of the corrections. 


SUPPLEMENTARY CHECK TESTS 


In order to determine to what exent the proposed 
correction curve could be applied in actual work, a 
series of check tests was run on a number of different 
brands of paving brick submitted by the manufac- 
turers at the request of the National Paving Brick 
Manufacturers Association. Each brand was rep- 
resented by at least two sizes, and in some cases by 
three sizes. Control tests for hardness and for modulus 
of rupture were likewise run, in order to check the 
quality of the brick by tests independent of the size 
factor. Unfortunately, the number of brick available 
for these supplementary tests was so limited that it was 
found impossible to obtain a sufficient number of tests 
for hardness and modulus of rupture to obtain rep- 
resentative averages. 


















































w 1600 
Ww 
5 | 
S %00o HK— | oo 
> o 
r} 1200 /-}——___+——_- x% 
5 | od 
© 1000 } a eee 
ra ol 
o 
© 800 -———-++ t - 49,070} 
we } A 
re) + 
w 600 } Ye Tee: eee! ee 
= | 
2 
S 400 . t aS a eee 
> | 
2 | 
< 200 -—— ——+-___ 
| on 
° | 
ass 0 
0 20 40 60 80 100 120 


INITIAL WEIGHT OF 10 BRICK - POUNDS 


NOMINAL SIZE- 2"X 4"X 83° 
NOMINAL SIZE- 2$'x4"X 83" 
NOMINAL SIZE- 3" x4°x 83 
NOMINAL SIZE- 35 x4°X 8} 
NOMINAL SIZE~4" x 4"x 85" 
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Fig. 4.—DIaAGRAM SHOWING VARIATION IN WEIGHT AND VOL- 
UME OF Groups oF TEN Brick or VarRIoUsS SiIzES AND 
BRANDS PREPARED FOR THE RATTLER TEST 


The results of the rattler tests on six lots of brick, 
representing four brands of wire-cut-lug, shale brick 
and two brands of plain, wire-cut, fire-clay brick are 
shown in Table 2, together with their initial volumes 
and weights and the corrected percentage of loss de- 
rived from the use of the correction curve shown in 
Figure 3. Each value for per cent of wear represents 
the average of three tests. It will be observed that in 


(Continued on page 107) 
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A DEVICE FOR MEASURING PRESSURE USED IN MOLD- 
ING CEMENT MORTAR BRIQUETTES 


Reported by F. H. JACKSON, Engineer of Tests, and D. O. WOOLF, Junior Materials Engineer, U. S. Bureau of Public Roads 


HE pressure exerted by the operator in molding 
T the standard 1:3 cement mortar briquette prob- 
ably has as great an influence on the tensile 
strength as any other single factor. Notwithstanding 
this fact, the present standard methods of testing 
Portland cement do not provide for the application 
of any definite pressure, the matter being governed 
by general reference only. This naturally has resulted 
in considerable variation in the technique employed 
by different operators and probably has accounted in 
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Fig. 1.—Detaitep Drawine or PrReEssurRE REGISTERING 
APPARATUS 


pers, at least, for the wide divergence in strength tests 
requently reported when identical samples are tested 
in different laboratories. 

Recognizing the desirability of controlling this as 
well as many other details of procedure subject to 
or ra interpretation, the American Society for 

esting Materials prepared and published a year ago 
a ‘‘Manual of Cement Testing,” in which the various 
methods of testing were described in much greater 
detail than in the specification proper. In that por- 
tion of the manual bolarvieg to the Seclding of briquettes, 
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a pressure of 15 pounds applied to the surface of the 
briquette was suggested. This value was taken by the 
committee from the recently proposed master specifica- 
tion for Portland cement of the United States Govern- 
ment and was probably suggested originally by the 
United States Bureau of Standards. Bracticelfy the 
same pressure, modified so as to call for a minimum 
of 15 pounds and a maximum of 20 pounds, is provided 
for in the new tentative specification for Portland 
cement of the American Society for Testing Materials, 
adopted provisionally at the June, 1926, meeting. 
This specification, if adopted by letter ballot of the 
society, as it probably will be, will automatically 
become the new American Society for Testing Ma- 
terials standard some time before the close of the 
present calendar year. 

In the new specification, the requirements for tensile 
strength of briquettes have been raised from 200 
pounds per square inch to 225 pounds per square inch 
at 7 days and from 300 pounds per square inch to 325 
pounds per square inch at 28 days. This increase in 
the strength makes it all the more important that the 
technique of testing, in so far as those factors which 
influence the strength are concerned, be very rigidly 
controlled. The new values represent more nearly the 
true tensile strength of many normal Portland cements 
than the old, so that incorrect methods of testing, which 
tend to give low results, will undoubtedly cause more 
rejections. Then too, it is well recognized that many 
operators, especially those of long experience, have 
become accustomed to using a pressure considerably 
greater than that provided for in the new specification. 
Under the proposed specification, these operators will 
be required to use a pressure of from 15 to 20 pounds, 
which will undoubtedly result in lower strengths being 
reported, still further reducing the factor 2 gooe Hrtay 


PRESSURE MEASURING INSTRUMENT DESIGNED 


Anticipating the need of a simple yet fairly accurate 
device for measuring the pressure exerted in molding 
briquettes, the Bureau of Public Roads has designed an 
instrument for this purpose.' The instrument consists 
essentially of a platform to support the briquette mold, 
resting upon a multiple lever system which operates 
against a small coil spring. Two contact points are so 
arranged on the lever arm that the degree of compres- 
sion of the spring is indicated by the closing of one or 
both of two lamp circuits. The initial compression of 
the spring may be varied so that pressures of from about 
10 to 40 pounds may be registered. 

A detailed drawing of the instrument is shown in 
Figure 1, reference to the various parts being indicated 
by letter. In this drawing, A represents a three-gang 
briquette mold resting upon a glass plate, B, which in 
turn rests upon the platform of the instrument, D. 
The pressure exerted is transmitted through the knife 





1 The original design of this apparatus was prepared by E. B. Smith, formerly 
engineer of tests, Bureau of Public Roads. 
























PUBLIC 


Vol. 7, No. 5, July, 1926 


edges and hardened bearings, /’, mounted on the trans- 
mitting levers, G, which have steel ribbon supports, //, 
and steel knife edge points J, resting upon the operating 
lever, J. This lever has a steel ribbon support, K, at 
one end, and at the other end, a fiber insert, Z, carrying 
three screws, the center one connected by wire to a 
standard electrical connection, M, of dry battery, the 
other wire being grounded to the case. When the 
minimum allowable pressure has been applied, one of 
the remaining screws makes contact with a spring, JN, 
mounted on a fiber block, O, lighting a white electric 
lamp, P. When the maximum allowable pressure has 
been reached, the other screw comes in contact with a 
similar spring, Q, lighting a red electric lamp, R. 
Both lamps may be observed by the operator through 
the holes in the cover, S.A coiled spring, 7, adjusted 
by the screw, U, returns the operating lever to its initial 
position when the pressure is released. 

The instrument is calibrated by placing a static load, 
including the weight of the briquette mold, ete., upon 
the platform, equivalent to the minimum pressure it is 
desired to register. The adjusting screw over the spring 
connected to the white lamp is then turned until con- 
tact is just made. An additional load, making the total 
equivalent to the maximum allowed, is then placed 
upon the platform and the screw over the spring con- 
nected with the red lamp is similarly adjusted. 

This device has been in operation in the laboratories 
of the Bureau of Public Roads for several months and 
has proved very satisfactory. It should be possible to 
regulate the applied pressure by means of this device 
to any specified value plus or minus two or three 
pounds. In other words, such tests as the bureau has 
made would indicate that, by the use of the instru- 
ment, it is possible to mold briquettes conforming to 
the new standard specification in which the minimum 
pressure is speallied at 15 pounds and the maximum 
pressure at 20 pounds. 


SFFECT OF VARYING PRESSURE ON THE STRENGTH OF 
BRIQUETTES 

To determine the variation in strength resulting from 
molding briquettes at different applied pressures, a 
series of tests was recently conducted, using several 
different pressures. Two series of test specimens were 
made, with molding pressures and number of applica- 
tions to each briquette face as follows: 


| 


Number | Number 
of appli- | of appli- 
Pressure, pounds — Pressure, pounds = 
briquette | briquette 
face face 
15-20 12 15-20. 18 
20-25 1 20-25.- * | 18 
25-30 1 25-30_ 18 
30-35 1 30-35__ | 18 


Tests were made at the age of 7 and 28 days. The 


two series were then repeated with a second brand of 
cement and tests made at the age of 7 days. 
average is the result of 12 breaks. 

of these tests are shown in Table 1. 


Each 


The average results 
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TABLE 1.—Effect of pressure and number of applications on 
average tensile strength of cement 

| Tensile strength—pounds per 
square inch 
Number | 
of thumb- | 
Applied pressure, pounds ings per | eiineen 4 | Cement 
briquette Cement A | B 
face 
7days 2Wdays | 7 days 
15-20 12 245 365 220 
20-25 12 250 370 285 
25-30 12 260 370 290 
30-45 12 260 370 220 
15-20 é 18 260 370 285 
20-25 18 260 370 300 
25-30 18 265 390 290 
30-35 18 270 385 300 


Considering the several lots of 12 specimens each, it 
will be observed that the average tensile strength 
increases in general with increase in the applied pres- 
sure and with the number of applications of pressure. 
This would, of course, be expected. It should be noted, 
however, that the increase in strength is not quite so 
large as has commonly been supposed. For instance, 
tests at 7 days, using 12 applications with a 15 to 20 
pound pressure, gave in the case of the first cement 
an average of 245 pounds per square inch, whereas a 


, 


= 


L 








Fig. 2.—Mo.up1na Briqvuetres, Using THE APPARATUS FOR 


CONTROL OF PRESSURE 


pressure of 30 to 35 pounds gave an average of 260 
»ounds per square inch, or an increase of 15 pounds. 
lhe corresponding variation in strength at 28 days 
was only 5 pounds, the 15 to 20 pound pressure giving 
an average of 365 pounds and the 30 to 35 pound 
pressure an average of 370 pounds. Likewise, increas- 
ing the number of applications of pressure from 12 to 
18 gave an increase in strength of approximately 10 
pounds per square inch for both periods. Similar 
variations may be noted in the case of the second 
cement. In general it was found that increasing the 
pressure from about 15 to 30 pounds resulted in an 
increase of strength of from 10 to 15 pounds, the 
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reater divergence being at 7 days, whereas an increase 
in the number of thumbings for each briquette face 
from 12 to 18, resulted in an average increase of 
strength of about the same amount. 


In Table 2 are shown the mean as well as the maxi- 
mum deviations of individual breaks from the average 
of 12. It will be noted that in so far as concordance of 
results is concerned, there is little to choose between 
the various pressures tried. The same comment 
applies to the tests made with 12 applications of pres- 
sure as compared with those made with 18 applica- 
tions. It will be noted that in many cases the maxi- 
mum deviation from the average exceeded the 15 per 
cent allowed by the specification in routine testing. 

Detailed working drawings of the instrument de- 
scribed in this paper have been prepared and will be 
furnished upon request. 
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TABLE 2.—Deviation of individual test results from the average 


values 
Deviation from average tensile strength 
Number Cement A Cement B 
Applied of thumb-|_ 
pressure, ings per 
pounds briquette 7 days 28 days 7 days 
face 
: Maxi- 2 Maxi- - Maxi- 
Mean mum Mean mum Mean mum 
Per cent | Percent | Percent | Percent | Percent | Per cent 
15-20 12 6.8 14.3 8.7 16.4 4.4 8.0 
20-25. 12 4.7 10. 0 | 5.4 17.8 4.8 12.3 
25-30. 12 5.2 15.4 6.0 14.9 7.1 12. 1 
30-35 12 5.4 9.6 6.0 16, 2 4.5 8. 6 
15-20 is 4.5 13. 5 5.9 13. 5 5.5 14.0 
20-25. _ . 18 1.8 15.4 1.0 13. 5 3.9 6.7 
25-30 ‘ 18 5.8 13.2 4.4 11.5 4.4 6.9 
30-35. _... 18 1 14.8 6.2 19. 5 3.8 8.3 


THE STRENGTH OF MORTAR AND CONCRETE AS 


INFLUENCED BY THE GRADING OF THE SAND 


Reported by J. G. ROSE, Materials Engineer, United States Bureau of Public Roads 


N CONNECTION with the testing of materials for 
Federal-aid highway projects in Colorado a study 
has been made of the relation between the grading 

of sand for use in concrete and the strength developed in 
mortar and concrete; and the study has led to the 
development of a graph which may be used as the 
basis for a preliminary judgment of the quality of 
sands proposed for use. 

The samples of sand and gravel, or crushed rock, 
upon which the study was based were contributed by 
the State highway department of Colorado as mate- 
rials to be tested for use on Federal-aid projects. 
Approximately 200 samples of sand and gravel are 
represented by the study. The source of the materials 
was widespread, almost every county in the State 
having contributed one or more samples. 

The testing work was done by the Pierce Testing 
Laboratory, of Denver, and standard methods of test- 
ing concrete materials approved by the American 
Society for Testing Materials were followed in making 
all tests. Standard briquettes of 1:3 mortar were 
used for the tensile tests, and 6 by 12 inch cylinders of 
1:2:4 mix were used for the compression-test speci- 
mens. The consistency of the concrete was such as to 
show a slump of from 1 to 2 inches as determined by 
the standard slump-cone method. All observations 
are based upon the 28-day strength of the specimens, 
both in tension and in compression. 

While assembling the test data for the study it was 
observed that the strength of the 6 by 12 inch cyl- 
inders varied from about 1,500 pounds per square inch 
to a little over 3,500 pounds per square inch. In order 
to observe the variation in grading between the high 
and low strengths, the test reports were divided into 
four — each group having a range in strength of 
500 pounds; and after computing the average grading 
of the maximum strength group (3,000 to 3,500 pounds 
per square inch) and plotting this average grading upon 
the graph, it was observed that part of the reports in 
the remaining three groups fell above the maximum 


strength curve, and part fell below it. The three 
groups were, therefore, divided again into two groups 
each, depending on whether the grading of the samples 
fell above or below the maximum strength curve. 
Samples falling partly above and partly below the 
maximum strength curve were listed in both groups; 
and the average gradings for the six groups thus 
obtained were then computed and plotted on the graph. 
The groups thus established, according to grading, 
were then averaged for tensile strength. 


WHAT THE GRAPH SHOWS 


The curves derived for the above averages as shown 
in Figure 1, lead to the following conclusions: 

1. That there is an ideal grading of sands which will 
produce maximum strength in concrete. 

2. That the ideal grading curve assumes an arched 
form showing a predominance of the material retained 
upon the coarser sieves. 

3. That for a given mix, there is a practical limit to 
the quantity of material passing each size sieve, where 
a given strength of concrete is required. 

4. That an exceptionally high tensile strength of 
sand in 1:3 mortar is not necessarily associated with 
a high compression strength of the same material when 
mixed with the average coarse aggregate in concrete, 
hence the tensile strength is not a proper gauge of the 
quality of a sand for concrete. 

Justification of the relation between the grading and 
strength of sands as shown by the curves is dependent 
upon a combination of coordination of several well 
known factors or theories of concrete. The maximum 
strength curve is, doubtless, associated with maximum 
density, or minimum voids, in the combined aggregates. 
The decline in strength as the grading becomes finer 
is associated with increased surface area, and a corre- 
sponding increase of voids. As the grading of the 
sands becomes coarser than that shown by the maxi- 
mum strength curve, the probability of increased 
strength ‘adlcated by the surface-area theory is over- 
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come by a tendency of the coarser grains of sand to 
wedge acne stow in between the coarse aggregate, thus 
increasing the voids to such an extent that a deficiency 
of mortar is produced. Hence, a decline in compres- 
sion strength is recorded with the increase in coarse- 
ness of the sand. This, at least, is one explanation 
which comes to mind. Probably there are others. 
The relation of the grading curves to the tensile 
strength developed in 1:3 mortar bears out the sur- 
face-area theory; that is, that the finer the sand the 
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° 
qinen a 
wos Y 
Fer 
wos ” 
10 Ss 
x 
wow 
20 4 
“ 
a 
NO 28 > 
Bei . 
ws 
a 
s “0 
r= THE CURVES SHOW THE RELATION BETWEEN 
% so ——4 STRENGTH AND GRADING OF 200 SAMPLES 
OF COLORADO SANDS ANO GRAVELS TESTED 
IN TENSION AND COMPRESSION IN 1:3 MORTAR 
AND 1:2) 4 CONCRETE. 
80 | Te TENSILE STRENGTH OF THE SANO,IN PER 
CENT, COMPARED WITH STANDARD OT TOWA SAND 
C= COMPRESSION STRENGTH IN POUNDS OF 
100 | THE COMBINED SAND AND GRAVEL WA 12:4 
MIX OF CONCRETE. 
200 








Fic. 1.—Sanp ANALYSIS CHART 


greater will be the surface area to be covered by a unit 
volume of cement, hence, the weaker the bond. 


(Continued from page 103) 


TaBLe 2.—Check tests of paving brick 


| Total variations 
} within lots 











Lot No. | Nominal V Se a Rattler |Corrected 
; size brick brick loss loss 
| — | Before After 
| correction correction 
| 
| 
| 
Cubic 
| Inches | inches Pounds | Per cent | Percent | Percent Per cent 
| 3 1, 009 | 87 24.2 + | See 
de wennnnne 2 720 | 63 28.1 24.8 3.9 is 
2 | 34 1,219 | os 19.9 | SS See 
a 3 1,113 | 89 21.3 20.6 | 1.4 s 
| 3% 1,128 | 97 16.1 = ae 
a 3 1, 028 | 87 16.7 | Aa a ae 
| 244] 838 | 75 17.8 15.9 | 1.7 
4 | 1,266 | 109 17.0 Ce a 
eee 3 | 974 8&3 17.9 | | ane eee 
2'6 762 64 | 18.3 15.2 1.3 2.3 
5 | 3h) 1, 141 Of 17.1 | ee oe 
ee em 24) 831 65 | 21.0 18.0 | 3.9 1.2 
6 3h} 1, 156 94 | 19.7 ee Ce eRe 
Bie cats | a4 811 64 | 23.2 20.1 | 3.5 s 
i 





all cases but one the differences in percentage between 
the corrected losses for the different sizes in any given 
lot are considerably less that the corresponding differ- 
ences before correction. In only one case, however, 
that of lot 3, have these differences entirely disappeared, 
indicating that a certain amount of the original varia- 
tion was due to differences in the quality of the brick. 
This is not surprising when it is remembered that no 
special effort in any case was made to obtain brick of 
exactly the same quality. In one case, that of lot 4, 
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UTILITY OF THE GRAPH 


By plotting the sieve analysis of a sand upon the 
graph, a ready means of visualizing the quality of the 
material for concrete is produced. The area between 
the upper and lower curves on the graph forms a prac- 
tical safey zone for the grading of acceptable sands. If 
the plotted grading of a sand falls outside of this area, 
in whole or in part, there is but little chance that it 
will pass standard specification requirements without 
increasing the proportion of cement. 

In making a materials survey for a project, selec- 
tion of the best source of supply will be greatly facili- 
tated by a comparison of the mechanical analyses of 
the samples when plotted on the graph. As a pre- 
caution in making selection of a sand, it should be 
realized that several other factors in addition to the 
grading affect the strength of sands. Variation in 
structure and soundness, and the presence of organic 
matter, silt, clay, acids, alkali, and other foreign sub- 
stances all have their influence on the strength of the 
sand in concrete. Hence, a considerable variation in 
strength from the average strength curve for each 
group shown on the graph should be expected. Elim- 
inating these factors the range of grading for any given 
strength and mix should be small. Final selection, of 
course, should always be determined by a more com- 
plete laboratory test. But once a complete labora- 
tory determination for the quality of a sand has been 
made, and the mechanical analysis plotted, any change 
in quality due to variation in grading is easily detected 
by ascreen analysis made in the field during the progress 
of construction and plotted on the graph. 


the results of the individual rattler tests were very 
erratic, indicating an extremely nonuniform product, 
which may account for the wide variations of the re- 
sults obtained on this lot. 


It is felt that the correction curve obtained as a 
result of this series of tests is sufficiently accurate for 
all practical purposes; and the writer has recommended 
that a table of correction factors based thereon be 
considered for use in connection with any revision of 
the present standard rattler test for paving brick. 
The icliowine addition to paragraph 13 of the standard 
specifications for paving brick has been suggested: 


The result obtained in the original calculation shall be cor- 
rected by adding to or subtracting from it a factor depending 
upon the initial weight of the brick charge in pounds. This 
factor shall be obtained from the following table: 





| Correction | Correction 
to be ap- || to be ap- 
| Original plied to Original plied to 
| weight of | percentage || weightof | percentage 
10 brick of wear 10 brick of wear 
obtained obtained 
by test by test 
| 
| 
| Pounds Per cent Pounds Per cent 
} 105to 115 0. 5+ 75 to 79 2.0— 
95 to 104 .0 70 to 74 2. 5— 
90 to 94 .5- 65 to 69 3. 0— 
85to 89 1.0— 60 to 64 3. 5— 
80 to 84 1. 5- 55 to 59 | 4.0— 





The final corrected value, together with the observed value 
and the correction factor, shall be reported. 
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MORE ACCURATE TESTS OF REINFORCING BARS 


Reported by D. O. WOOLF, Junior Materials Engineer, U. S. Bureau of Public Roads 


N TESTING steel] reinforcement bars, it has been 
the custom in many laboratories to assume that the 
cross-sectional area of the bar is that given in the 

manufacturer’s tables. It has been found that, in the 
case of the deformed bar, the nominal area seldom 
agrees with the actual area, and that occasionally the 
difference is so great that serious errors may result 
from the assumption of equality. To insure more 
accurate tests of the physical properties of steel, the 
physical laboratory of the Bureau of Public Roads has 
adopted the practice of making planimeter measure- 
ment of the cross-sectional area of all concrete reinforce- 
ment bars submitted for test. The higher allowable 
unit stresses used in designing at the present time 
together with a desire for more rigid laboratory control 
have demanded that this greater care be used in de- 
termining the bar cross section. 

The method used in the determination of the actual 
area is simple. The test specimen is cut through at 
right angles to its axis, and the cut surface is filed 
smooth. An impression of this surface is made by the 
use of carbon paper or stamp pad, and the area of the 
rint is determined by polar planimeter measurement. 
i. the case of bars of very irregular shape, several 
different sections are measured. 

The standard specifications for billet-steel concrete 
reinforcement bars (serial A15—-14) of the American 
Society for Testing Materials permit the testing of bars 
turned down to a uniform cross section. This method 
of testing deformed bars has the objectionable feature of 
requiring the use of a lathe which may not be available 
at the laboratory. By the use of the planimeter the 
cross-sectional area may be determined so accurately 
that the turning down to uniform diameter will not be 
necessary. 
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Table 1 shows certain data from some of the more 
recent tests made by the bureau. The unit tensile 
strength has been computed using both the nominal 
and actual cross-sectional areas. In several cases, 
had the nominal area been used the bar would have been 
classed as other than its true grade of steel. For ex- 
ample, samples 6 to 8, inclusive, were submitted as 
l4-inch round bars. Measurement of the cross- 
sectional area gave 0.25 square inch in each case, 
and computation of the test values gave unit tensile 
strengths corresponding to the structural grade 
Using the nominal area of a %-inch round bar, unit 
tensile strengths in the intermediate grade were ob- 
tained. As the specifications for this project required 
the structural grade, the steel would have been rejected 
had the nominal area been used. 


TABLE 1.—Comparison of actual and nominal cross-sectional 
areas of bars and unit strengths based on each 


Area of cross Unit tensile 


: i section B k strength lr : : 
Sam-| «; reak- ‘rror in nomi- 
ple ———_ =) ed ing nal unit tensile 
No. eee ae Nomi- load Nomi- strength 
nal Actual nal Actual 


Lbs. per Lbs. per| Lbs. per 
Sq. ins.| Sq. ins. Pounds sq. in. | sq. in. | sg. in. Per cent 


1 | ‘inch square 0. 25 0.20 | 12,140 48, 560 | 60,700 | 12, 140 20. 0 
2 | %-inch round il .16 , 10,990 99,910 68, 690 | 31,220 45.4 
3 | inch round . 20 25 15,320 76,600 | 61,280 | 15,320 25. 0 
4 | inch square . 25 .23 14,590 58,360 | 63,430] 5,070 &. 0 
5 | %-inch round 44 .41 | 24,740 56,230 60,340 4,110 6.8 
6 | inch round . 20 .25 15,620 78,100 62,480 | 15, 620 25.0 
7 | inch round . 20 .25 15,650 78,250 62,600 | 15, 650 25.0 
& | l¢inch round . 20 .25 | 15,560 77,800 | 62,240 | 15, 560 25.0 
9 | %4-inch round 44 -43 36,260 82,410 | 84,330) 1,920 2.3 
10 | 1-inch square_. 1.00 -98 61.820 61,890 | 62. ORD 1, 20 2.0 
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tions in this list, the Department supply of which is erhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pub- 
lications free. 


ANNUAL REPORT 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 


DEPARTMENT BULLETINS 


No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136D. Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 
Rock. 15e. 
386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388D. Public Road Mileage and Revenues in the New 
England States, 1914. 
390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 
407D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463D. Earth, Sand-Clay, and Gravel Roads. 15c. 
*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10e. 
*537D. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 
*583D. Reports on Experimental Convict Road Camp, Ful- 
ton County, Ga. 25c. 
*660D. Highway Cost Keeping. 10c. 
670D. The Results of Physical Tests of Road-Building Rock 
in 1916 and 1917. 
*691D. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 
*724D. Drainage Methods and Foundations for County 
Roads. 20¢ 
*1077D. Portland Cement Concrete Roads.  15c. 
*1132D. The Results of Physical Tests of Road-Building 
Rock from 1916 to 1921, Inclusive. 10c. 
1216D. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 


1259D. Standard Specifications for Steel Highway Bridges; 
adopted by the American Association of State High- 
way Officials and approved by the Secretary of 
Agriculture for use in connection with Federal-aid 
road work. 


1279D. Rural Highway Mileage, Income and Expenditures, 
1921 and 1922. 


*Depart ment supply exhausted 


DEPARTMENT CIRCULARS 
No. 94C. TNT as a Blasting Explosive. 
331C, Standard Specifications for Corrugated Metal Pipe 
Culverts. 


MISCELLANEOUS CIRCULARS 


No. 60M. Federal Legislation Providing for Federal Aid in 
Highway Construction. 
62M. Standards Geverning Plans, Specifications, Contract 
Forms, and Estimates for Federal Aid Highway 
Projects 
FARMERS’ BULLETINS 
No. *338F. Macadam Roads. 5c. 


*505F. Benefits of Improved Roads. 5c. 


SEPARATE REPRINTS FROM THE. YEARBOOK 


No. *727Y. Design of Public Roads. 5c. 
*739Y. Federal Aid to Highways, 1917. 5c. 
*849Y. Roads. 5c. 
914Y. Highways and Highway Transportation. 


OFFICE OF PUBLIC ROADS BULLETIN 


No. *45. Data for Use in Designing Cuiverts and Short-span 
Bridges. 1913. 15c. 


OFFICE OF THE SECRETARY CIRCULARS 


No. 49. Motor Vehicle Registrations and Revenues, 1914. 
Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. _ 5c. 
3. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
161. Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 


Vol. 5, No. 17, D-2. Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
AsphaltCements. 

Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

Vol. 5, No. 20, D-4. Apparatus for Measuring the Wear of 

Concrete Roads. 
Vol. 5, No. 24, D-6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 10, No. 5, D-12. Influence of Grading on the Value of 
Fine Aggregate Used in Portland Ce- 
ment Concrete Road Construction. 

Toughness of Bituminous Aggregates. 

Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric Con- 
centrated Loads. 


Vol. 5, No. 19, D-3 


Vol. 10, No. 7, D- 
Vol. 11, No. 10, D- 
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